Whether an association exists between infection with b-herpesviruses and connective tissue diseases remains unclear, as are the mechanisms for the regulation of these infections in the salivary glands.
cytomegalovirus (CMV), the original member of the b-herpesvirinae subfamily. After primary infection, herpesviruses persistently infect the host throughout its lifetime. The salivary glands have been proposed as reservoir sites for persistent infection with b-herpesviruses; HHV-7 can frequently be isolated from saliva [6, 7] . Using longitudinal viral-isolation analysis, we recently demonstrated that HHV-7 shedding in saliva varies among individuals [8] . This finding suggests that host factors may play an important role in the regulation of viral replication in the salivary glands. It will be significant to determine whether the kinetics of shedding of the other b-herpesviruses in saliva are similar to that of HHV-7, because it will help to illuminate the mechanisms that control viral replication in the salivary glands.
The role played by such viral infections in the pathogenesis of autoimmune diseases remains unclear. Herpesviruses, including Epstein-Barr virus [9] and CMV [10] , interact with the immune system in a variety of ways and establish latency in either lymphocytes or monocytes/macrophages while retaining the potential for reactivation. In addition to these viruses, HHV-6 and HHV-7 latently infect PBMCs [11] [12] [13] , periodically reactivating in immunosuppressed patients [14] . It has recently been suggested that these 2 viruses may modulate the immune response [15] [16] [17] [18] [19] ; an association between HHV-6 and multiple sclerosis, an autoimmune-mediated demyelinating disease of the central nervous system, has been intensely debated in recent years [20, 21] . Thus, it is important to determine the role played by these 2 b-herpesviruses in the pathogenesis of connective tissue diseases. Furthermore, it is well known that patients with adult-onset Still disease, which is one of the popular connective tissue diseases, often have hypercytokinemia. Because hypercytokinemia might play an important role in the control of viral replication in the salivary glands, analysis of the relationship between connective tissue diseases (Still disease, in particular) and infection with b-herpesviruses would provide us with important information that will elucidate the host factors that control viral replication.
In the present study, we sought to identify host factors involved in the regulation of 3 b-herpesviruses (HHV-7, in particular) in the salivary glands. Because isolating HHV-7 from saliva is difficult and analyzing large numbers of samples is time-consuming, we first determined whether real-time polymerase chain reaction (PCR), instead of viral isolation, could be used for monitoring viral replication in the salivary glands. In addition to exploring the host factors that control viral replication in the salivary glands, we also sought to elucidate the association between infection with b-herpesviruses and autoimmune connective tissue diseases.
SUBJECTS, MATERIALS, AND METHODS
Subjects and sample preparation. The subjects included 19 healthy adults (9 men and 10 women between 21 and 29 years old), 7 patients with adult-onset Still disease, and 14 patients with other connective tissue diseases (such as systemic lupus erythematosus [6] , rheumatoid arthritis [3] , systemic sclerosis [2] , poliomyelitis [1] , and mixed connective tissue disease [2] ). The patients' characteristics, such as disease activity and treatment (including receipt of several immunosuppressive drugs), are summarized in table 1. All subjects consented to participation in this study. Saliva samples were serially collected from the healthy adults weekly for 6 weeks and from the patients with connective tissue diseases monthly for 6 months. Two milliliters of saliva from the healthy adults was used for viral isolation and measurement of HHV-7 DNA load by real-time PCR. A total of 114 saliva samples from the healthy adults were analyzed in this study. One milliliter of saliva from the patients with connective tissue diseases was used to measure the viral DNA load of each of 3 b-herpesviruses (CMV, HHV-6, and HHV-7) by real-time PCR. A total of 126 saliva samples were prospectively collected from the patients and were used to measure viral DNA load.
Isolation of HHV-7 from saliva samples. For the healthy adults, HHV-7 shedding in saliva was evaluated by use of the viral-isolation method. HHV-7 was isolated by cocultivation of saliva with preactivated cord-blood mononuclear cells, as described elsewhere [6] . Briefly, 1 mL of saliva was diluted 1:2 in RPMI 1640 and then centrifuged at 2000 g. Supernatants were filtered through a 0.45-mm-pore filter, were inoculated onto preactivated cord-blood mononuclear cells, and were centrifuged at 2000 g for 60 min, to enhance viral absorption. After centrifugation, cells were cultured in growth medium at 37ЊC in 5% CO 2 . Viral isolation was considered to be achieved when large, round cell formation and specific immunofluorescence staining with a monoclonal antibody to HHV-7 (KR4; provided by T. Okuno, Department of Microbiology, Hyogo College of Medicine, Hyogo, Japan) were observed.
Serological assays. Specific anti-HHV-6 and anti-HHV-7 IgG antibody titers were measured by indirect immunofluorescence, as described elsewhere [4, 5] , with the FG-1 HHV-6 strain and the Sato HHV-7 strain as standard antigens, respectively. An antibody titer was defined as the reciprocal of the serum dilution necessary to obtain specific fluorescence. Anti-CMV IgG antibody titers were measured by ELISA in a commercial laboratory (SRL, Tokyo, Japan).
DNA extraction and real-time PCR. DNA samples extracted from 200 mL of saliva by use of a QIAamp Blood Kit (QIAGEN) were stored at Ϫ20ЊC. Real-time PCR was used to quantitate CMV, HHV-6, and HHV-7 DNA copy numbers. Details on the real-time PCR methods used to assess CMV and HHV-6 DNA loads have been described elsewhere [22] . The validity of this real-time PCR technique to quantify HHV-7 DNA was established by use of the U31 gene, which encodes the HHV-7 tegument protein, as a positive control sequence. The forward (5 -AAAGAATGGTTTTGTTCAACTCCAA-3 ) and reverse (5 -ACATTCACTTTGCGTGCATTTTC-3 ) primers and the probe (5 -[FAM]-TCATCGAGAACATAGGAGAAGCTCC-AGCA-[TAMRA]-3 ) sequence were designed by use of Primer Express (version 3.0; PE Applied Biosystems) [23] . PCRs were performed by use of the TaqMan PCR Kit (PE Applied Biosystems). Standard curves for each viral DNA assessment were constructed on the basis of the cycle-threshold (C T ) values obtained from serial dilution of plasmid DNA containing the target sequence. To construct plasmids containing the target sequence, viral DNAs were amplified from the AD-169 CMV strain, the Z29 HHV-6 strain, or the RK HHV-7 strain with the primers designed for real-time PCR. Amplified PCR products were then subcloned by use of the pGEM-T Vector System (Promega), in accordance with the manufacturer's protocol. The C T values for each sample were plotted on a standard curve, allowing automatic calculation of the DNA copy number by use of Sequence Detector (version 1.6; PE Applied Biosystems). Each sample was tested in duplicate; the mean of the 2 values defined the sample copy number.
Statistical analysis. Viral loads were compared by the MannWhitney U test, by use of StatView (version J-5.0; SAS Institute).
RESULTS
Association between HHV-7 isolation and viral DNA load, as determined by real-time PCR. It is complicated and timeconsuming to isolate HHV-7; for this reason, if HHV-7 DNA load, as determined by real-time PCR, correlates well with viral isolation, measurement of viral DNA load would be a valuable tool for monitoring active viral infection. Because the amount of HHV-7 DNA in saliva from healthy adults is stable in each individual, 6 saliva samples serially collected over a course of 6 weeks from each healthy adult in the present study were used to analyze the correlation between viral isolation and viral DNA load. During the observation period, 114 saliva samples were collected from 19 healthy adults, all of whom were seropositive for HHV-7. The frequency of HHV-7 shedding (calculated as the number of saliva samples from which active virus was isolated per the 6 samples collected from the subject during the observation period) in the saliva samples varied between individuals, as was expected (figure 1). Virus could not be isolated from any of the 6 saliva samples from 1 (5.2%) of the healthy adults. Two (10.5%) of the healthy adults excreted significant amounts of virus in all saliva samples. The saliva samples from the healthy adults with frequent viral shedding (5 or 6 positive results; figure 2A) generally had higher viral DNA loads than did the saliva samples from the healthy adults with intermediate viral shedding (3 or 4 positive results) (figure 2B). Several healthy adults with infrequent viral shedding (0-2 positive results), however, had high viral DNA loads ( figure 2C ). There were no statistical differences in HHV-7 DNA load between the ). The dotted red lines are n p 13 included to facilitate comparison among the groups and do not indicate data. saliva samples from which active virus was isolated and those from which virus was not isolated ( ) (table 2) . P p .2837 Viral DNA load for 3 b-herpesviruses in saliva. The kinetics of changes in viral DNA load for the 3 b-herpesviruses were compared among the healthy adults, the patients with adult-onset Still disease, and the patients with other connective tissue diseases (figure 3). It is likely that HHV-7 DNA load differed among the 3 groups. In contrast to HHV-7 DNA load, both HHV-6 and CMV DNA load varied significantly during the observation period. HHV-7 DNA load was higher than HHV-6 DNA load for all 3 groups. CMV DNA was detected in only 2 patients with other connective tissue diseases and 2 patients with adult-onset Still disease. No CMV DNA was detected in the saliva samples from the healthy adults, despite their CMV seropositivity.
To compare the viral DNA loads among the 3 groups, we calculated the mean viral DNA copy numbers in the 6 saliva samples serially collected from each subject. The mean viral DNA loads for the subjects were then compared by the Mann-Whitney U test (table 3) . Because no CMV shedding was detected in any of the healthy adults, only the HHV-6 and HHV-7 DNA loads were analyzed. HHV-7 DNA load was significantly higher in the patients with adult-onset Still disease (mean ‫ע‬ SD, 649,149 ‫ע‬ copies/mL) than in either the healthy adults (mean ‫ע‬ 751,504 SD, copies/mL; P p .0224) or the patients 119,382 ‫ע‬ 119,878 with other connective tissue diseases (mean ‫ע‬ SD, 10,733 ‫ע‬ copies/mL; ). There were no statistically sig-21,896 P p .0003 nificant differences, however, in HHV-6 DNA load between the patients with adult-onset Still disease (mean ‫ע‬ SD, 875 ‫ע‬ copies/mL) and the healthy adults (mean ‫ע‬ SD, 1120 312 ‫ע‬ copies/mL; ) or between the patients with adult-269 P p .6438 onset Still disease and the patients with other connective tissue diseases (mean ‫ע‬ SD, copies/mL; ). Because the diseases of a subset P ! .0001 of the patients with other connective tissue diseases (11/14 patients) were inactive, we compared HHV-6 and HHV-7 DNA loads between patients in an active disease period and those in an inactive disease period, to determine the effect of disease activity on viral DNA load. We could not identify a statistical difference in either HHV-6 or HHV-7 DNA load between the patients in an active disease state and those in an inactive disease state (mean ‫ע‬ SD for HHV-6, vs. copies/ 521 ‫ע‬ 902 480 ‫ע‬ 1456 mL; ) (mean ‫ע‬ SD for HHV-7, vs. P p . 6854 25,772 ‫ע‬ 42,219 copies/mL; ), although the number of 6631 ‫ע‬ 13,432 P p .5858 patients in an active disease state was small.
DISCUSSION
Clinical isolation of HHV-7 requires the cocultivation of samples with preactivated cord-blood mononuclear cells, a timeconsuming and troublesome process, especially for the analysis of a large number of samples. Real-time PCR often replaces viral isolation in the analysis of HHV-7 infection. However, information on the association between viral DNA load in saliva and viral isolation has been limited. We attempted to correlate viral DNA load with viral isolation in serially collected saliva samples from healthy adults. The kinetics of changes in HHV-7 DNA load in saliva observed in this study were consistent with the results of 2 previous longitudinal studies (in which samples were collected for 1 and 3 months) [24, 25] , demonstrating that HHV-7 DNA load in saliva varies between individuals. Because 3 healthy adults with frequent viral shedding appeared to excrete higher levels of viral DNA than did 3 healthy adults with intermediate viral shedding (figure 2A and 2B), those with frequent viral shedding likely excrete higher copy numbers of viral DNA in their saliva than do those with lower levels of viral shedding. Several healthy adults with infrequent viral shedding, however, excreted significant quantities of viral DNA in saliva, particularly the 3 individuals. Despite this trend, there was no statistical difference in HHV-7 DNA load between the saliva samples from which active virus was isolated and those from which no virus was isolated ( ) (table 2) . Although the number of subjects was P p .2837 smaller than that examined in this study, similar findings have been reported by Fujiwara et al. [25] . This discrepancy may be the result of the presence of a substance that inhibits viral isolation or of large volumes of fragmented viral DNA in the saliva of certain individuals. To better understand the viral life cycle, further study is necessary to elucidate the molecular mechanisms underlying this discrepancy between viral isolation and real-time PCR analysis. These findings suggest that, although real-time PCR can be used for monitoring viral replication in the salivary glands, it might be inappropriate for an analysis of viral transmission because of the lack of a strong correlation between infectious viral particles and viral DNA load in some saliva samples.
In the present study, we measured the viral DNA loads of 3 b-herpesviruses in saliva samples from healthy adults and patients with connective tissue diseases by real-time PCR. We sought to evaluate viral replication in the salivary glands to establish an association between viral infection and connective tissue disease, potentially implicating the host factors involved in the control of tissue viral replication. We believe that realtime PCR is appropriate to address these questions.
Although these 3 b-herpesviruses share many genetic and biological similarities, the kinetics of changes in viral DNA load in saliva differed between CMV, HHV-6, and HHV-7 ( figure 3) . Although the quantity of HHV-7 DNA in saliva differed among subjects, the majority of the patients with connective tissue diseases and the healthy adults excreted consistent amounts of viral DNA in saliva. Both the frequency of HHV-6 DNA excretion and the HHV-6 DNA loads, however, were low in comparison to those for HHV-7. CMV DNA was detected in saliva samples from only a few patients with connective tissue diseases, likely in samples collected after immunosuppression. Several investigators have reported frequencies of viral detection in either healthy control subjects or immunosuppressed patients, such as patients with AIDS [26, 27] . Because differences in the ethnicities of subjects or the details of PCR methods might affect viral DNA detection in saliva samples, it is difficult to compare directly all of these observations. Although our findings are similar to those reported by Lucht et al. [27] , they compared healthy control subjects and patients with AIDS by qualitative PCR. In addition, although the number of subjects was limited, Fujiwara et al. [25] reported that HHV-7 copy numbers in saliva were higher than those for HHV-6. To our knowledge, ours is the first report analyzing longitudinal DNA loads in saliva for 3 b-herpesviruses. In conjunction with previous studies, our results should be helpful in examining the kinetics of changes in viral load in patients with other diseases. In the present study, the patients with adult-onset Still disease constantly excreted a significantly higher number of copies of HHV-7 DNA in their saliva than did the patients with other connective tissue diseases and the healthy adults ( figure 3 and  table 3 ). These data suggest that a number of host factors in patients with adult-onset Still disease may function to accelerate HHV-7 replication in the salivary glands. Patients with Still disease exhibit a characteristic hypercytokinemia. Proinflammatory cytokines, such as tumor necrosis factor-a, play an important role in CMV reactivation by inducing the transcription of CMV immediate early genes via induction of NF-kB [28] [29] [30] [31] . Although the mechanisms underlying both HHV-7 reactivation and the regulation of HHV-7 immediate early genes are not well understood, the advent of hypercytokinemia during adult-onset Still disease may control the up-regulation of HHV-7 immediate early gene expression, resulting in the reactivation of the virus. Impairment of host immune responses against HHV-7 may accelerate viral replication in the salivary glands.
Although CMV-specific T cell-mediated immunity is important in the prevention of symptomatic viremia, it is not important in the local control of viral replication [32] [33] [34] . To elucidate the mechanisms underlying the up-regulation of HHV-7 replication in the salivary glands of patients with adult-onset Still disease, we explored both the virological and immunological aspects of this regulation. No activation of CMV infection was demonstrated in the patients with adult-onset Still disease in the present study. Although the sensitivity of real-time PCR for CMV might be insufficient, low rates of CMV excretion in saliva have been demonstrated by other investigators [27] . Therefore, it is possible that the salivary glands are not the main site of persistent infection of the virus. Further in-depth analysis is needed to elucidate an association between CMV infection and connective tissue disease.
Both HHV-6 and HHV-7 DNA loads in saliva were significantly lower in the patients with other connective tissue diseases than in the patients with adult-onset Still disease and the healthy adults ( figure 3 and table 3 ). Because the majority of patients (11/14) with other connective tissue diseases were in an inactive disease period, we examined the effect of disease activity on viral DNA load in saliva and observed that disease activity did not affect either HHV-6 or HHV-7 DNA load in saliva. Thus, a portion of the host factors involved in other connective tissue diseases may prevent replication of these bherpesviruses in the salivary glands. Because multiple factors, including age, underlying disease, and treatment protocols, may be involved in the control of viral replication in the salivary glands, a detailed multivariate analysis of a large number of patients should be undertaken in the future. The mechanisms underlying the regulation of b-herpesvirus in the salivary glands are not well understood. Future work is necessary to elucidate these mechanisms, which hopefully will provide a greater understanding of the viral life cycle and the clinical course of connective tissue diseases.
